In this paper, the application of tuned mass damper in improving the response of structures is considered. At first, three frames of 3, 9 and 20 stories are evaluated in which time history analysis is done according to El -Straw earthquake. The maximum reduction of among the three mentioned frames belongs to a 20-stories structure in which the rate of story displacement reduction is between 25 to 45%, and this indicates that by increasing the height of the structure, the performance of tuned mass damper improved. In the second part, the effect of semi-active tuned mass damper is studied on a 10-stories frame. Studies showed that using a tuned mass damper system with viscous damper with controller force decreases the average of maximum displacement of roof story down to 39.9 % and this amount of reduction is 22.8% for semi-active tuned mass damper. Finally, the performance of tuned Single and multiple mass Damper is evaluated on a 20-stories frame, and the results show that single and multiple dampers decrease structures 'responses and the performance of tuned multiple dampers depends on the mass and frequency ratio and also concluded that the performance of tuned multiple mass dampers is reduced by transition to middle of the structure stories.
INTRODUCTION
Structural control strategies are commonly used to some structures to protect them from undesired vibrations resulting from natural hazards such as earthquakes and strong winds. Although the main types of structural control are active and passive systems, usage of the passive system is more common due to economic and physical conditions [11] .
Out of a variety of passive control devices, tuned mass dampers (TMDs) are widely used in tall buildings. A TMD is comprised of mass connected to the structure by a spring and a dashpot in parallel [7, 10] .
Tuned mass dampers are installed in high rise buildings for damping vibrations. Examples include Citigroup Center in New York City, Yokohama Landmark Tower in Yokohama, Burj Al Arab in Dubai, Trump World Tower in New York City, Taipei 101 in Taipei, a pendulum type TMD implemented to Taipei 101 building in Taipei, Taiwan in order to reduce vibrations [20] .
If tuned correctly, a TMD could efficiently reduce the response of a single linear degree of freedom (SDOF) system. Hence, TMDs are used effectively to vibration control where the structure remains linear, and a single mode dominates the structural response [2, 8] . Under seismic events, on the other hand, buildings are designed to yield. Hence, detuning may take place and appreciably reduce the efficiency of the TMD. Moreover, several modes may significantly contribute to a seismic response. As a consequence, the use of a single TMD may reduce the overall seismic response, and the use of TMDs for seismic mitigation has been avoided [19, 4] .
The parameters of TM,; the frequency and the damping ratio must be set properly for the best gain. For this reason, Den Hartog developed closed form equations of optimum parameters for different undamped degrees of freedom (SDOF) of original system [9] . These expressions are for harmonic loading excitations. In addition to that, Warburton and Ayorinde proved that the time for obtaining optimum TMD parameters for complex systems, the problem may be thought as an equivalent SDOF system if its natural frequencies are well separated [28] . Thompson obtained optimum damper parameters with a locus method [24] . Warburton derived simple expressions for optimum harmonic and white noise random excitations [29] . Villaverde et al. proposed that TMDs implemented successfully when the modal damping ratios of the first two modes were equal [26÷27]. Sadek et al. extended the study of Villaverde [27] because Villaverde's formulation does not cause equal damping in the first two modes of vibration, especially for large mass ratios [23] . Kareem considered the dynamics of base isolated buildings with passive mass dampers and compared different layouts of dampers [13] .
A TMD was designed with numerical optimization by Rana and Soong for control of a single structural condition. Also they investigated the possibility of controlling multiple structural conditions using multi-tuned mass dampers (MTMD) [21] . Also, optimum parameters of MTMDs were checked in several studies [16÷30].
Carotti and Turci designed an inertial tuned damper using phasers in the Argand-Gauss plane [5] . Chang derived optimum TMD design closed formulas for both wind and earthquake types of loading [6] . Lin et al. by TMD applied an extended random decrement way to reduce dynamic responses of buildings. Unlike previous studies, they investigated displacement and acceleration response spectra for structures with and without TMD [17] .
An optimum semi-active tuned mass damper with a magneto -rheological (MR) damper was designed by Aldemir to reduce peak responses of an SDOF structure subjected to a broad class of seismic inputs [1] . Lee et al. developed a numerical optimization algorithm for buildings with TMD for decreasing performance index value [15] . By the numerical searching technique, Bakre and Jangid obtained explicit mathematic expressions for optimum parameters of TMD [3] . Rüdinger investigated the effect of tuned mass dampers with nonlinear viscous damping elements [22] . Hoang et al. researched optimum parameters of tuned mass dampers for the seismic retrofit of long-span truss bridges [12] . Marano et al. also optimized the TMD mass ratio which was a preselected parameter in previous studies about optimization of TMD [18] .
Hence in this study, the performance of Tuned Mass Dampers (TMD) in reducing the nonlinear response of buildings under earthquake vibration is investigated.
TDM AND CLOSED FORM EXPRESSIONS
The equations of motion of a multiple degrees of freedom (MDOF) linear system subjected to external loading P (t) are written as: (1) Where M, C, K are mass, damping and stiffness matrices respectively. X (t) is the vector of the horizontal displacements with respect to the ground. The M, C, K and x (t) for N degrees of freedom system is given in Equation. (2) -(5).
(2) (6) In Eq. (6), the mode-shape matrix Ø serves to transform the generalized coordinates Y (t) to the geometric coordinates x (t).
With this change and permute plying by the transpose of the i-th mode-shape vector Ø T i
, coupled dynamic equations can be write:
Because of the orthogonally conditions, all components expect the i-th mode term in the mass, damping and stiffness expressions of Eq. (7) vanish. In this case above Equation can be write: (8) Or alternatively:
In which M i , C i , K i , P i (t) and Y i (t) are generalized mass, damping, stiffness, load, and displacement of the i-th mode, respectively.
Also, ω i and ξ i are natural frequency and damping ratio of the i-th normal mode, respectively. External loading P (t) is given by Eq. (10) for harmonic loading and in Eq. (11) for earthquake excitation. In Equation (10) and (11), p 0 is the amplitude, ͞ ͞ ω is circular frequency of harmonic loading, ẍ g (t) is the ground acceleration and {1} represents a column of ones. When the circular frequency of the applied load equals the natural frequency of the structure, the generalized displacement of the corresponding normal mode becomes unsteady. This situation is called resonance. 
STUDYING DYNAMIC BEHAVIOR OF TWO-DIMENSIONAL FRAME
In this part, the effect of using tuned mass damper in improving the response of structures is considered. Therefore, three frames of 3, 9 and 20 stories are evaluated. At first dynamic analysis of time history is applied to obtain the dynamic response of the studied structures and then it is influenced by El -Straw earthquake. For studying tuned mass damper characteristic on the dynamic response of the structure, the dampers parameters with different characteristics are added to the mathematical model of structure and time history analyses have been repeated for structures. The obtained results are compared, and tuned mass damper effect is characterized by the first mode in the reduction of structure response.
The characteristics of Mass and stiffness of studying frames are assumed as rigidness of floor and non-rotation.
Structure A -short building (3 stories)
The modeled structure was in 3 stories, and its height was 11.89 meters. The details of the structure are according to Figure 2 , and the stories characteristics are shown in Table 1 . The percent of supposing damper for first and second mode is 3%.
Structure B -Average-Height Building (9 stories)
The second modeled structure is in 9 stories and its height is 37.19 meters. The details of structure are according to Figure 3 and the stories characteristics are shown in Table 2 . The percent of suppose damper for first and second mode is 2%.
Structure C -Tall Building (20 stories)
The third structure is in 20 stories and its height is 88.70 meters. The details of structure are according to Figure 4 and the stories characteristics are shown in Table 3 . The percent of suppose dampen for first and second mode is 1%.
To study the performance of tuned mass dampers in the conducted analyses and to evaluate the effect of different parameters of the applied damper, parameters of damper are changed and the results are presented. These parameters scaled acceleration in time history analysis is presented in Figure 5 .
The maximum computed displacement response and parameter J for used mass dampers have been presented in Tables 5 and six 
SEISMIC VIBRATION CONTROL OF A TEN-STORY BRACED FRAME WITH THE USE OF SEMI-ACTIVE TUNED MASS SYSTEM
In this part, the behavior of a 10-story Xbraced steel frame structure with semi-active tuned mass damper is evaluated. The structure are presented in Table 4 . Due to a high contribution of the first mode in structure response, all dampers are adjusted to the first mode.
The stimulation of the applied base in the structure modeling is time history of El -Centro earthquake acceleration that its maximum acceleration is scaled 0.35 g. The graph of floor is considered as a rigid diaphragm and frame behavior is assumed as shear one. One degree of freedom is considered for each frame story which is the J horizontally movement. In these types, structure mass can be concentrated in the center of the floor. With assumption of linear behavior of structure, stiffness and mass matrixes are extracted according to the definitions of these two. Values of the mass and stiffness matrix of stories are given in Table 7 . After determining mass and stiffness matrix of structure, one can deter- Parameter β in Table 9 and Fig. 6 is an optimum ratio. As seen in Figure 6 , the maximum structure response reduction happens for a specified β. In Table 9 , optimal values of this coefficient are expressed along with reduction percentage of displacement for the maximum roof story 1-R for 4 applying earthquakes for damping of 10% and the mass ratio of m 0 = 0.05. To determine β opt , weighted averaging is used, based on that its value is 0.94.
In this study, accelerograms related to the Chi-Chi -Taiwan (1999), Bam -Iran (2003), Kocaeli -Turkey (1999) and Northridge -Cali- mine natural frequency of different modes of the structure; the values of a natural frequency of 10 modes of structure are given in Table 8 .
The maximum ratio of displacement at the roof story in an uncontrolled mode to Controlled one is considered as a criterion in studying the TMD system performance, and trial-error method is used to determine optimal values of TMD system parameters.
According to Figure 6 , the maximum reduction was shown in response to an optimal mass ratio, for this reason, m 0 = 0.05 in which m 0 is TMD mass ratio to structure mass. Mass and stiffness of the damper are equal to the obtained optimal values for inactive tuned mass damper, so, to provide controller damping, a viscous damper was built in the system. The characteristics of this damper is shown in Table 12 .
To determine structure responses with semiactive tuned mass damper, control force is computed by LQR method. in LQR algorithm, K should be determined first. According to Figure 7 , for Ks greater than 15, structure response is increased, so the average values of reducing maximum displacement and the accelerate of the roof having semi-active tuned mass system, compared to the one without controlling system, is decreased more influenced by earthquake and the value of viscous damper force does not exceed its maximum capacity according to Figure 8 .
To determine structure response having semi-active tuned mass damper the space form of equation state of structure motion is solved in MATLAB software and structure responses are obtained according to Table 13 . The obtained results show that semi-active tuned mass system with LQR controller can cause average reduction of max displacement of stories compared to the structure having inactive tuned mass damper and without control. Therefore, according to Figure 9 its ability in average reduction of the maximum acceleration of upper stories of structure is lower than compared to the inactive one.
EVALUATING SEISMIC PERFORMANCE OF TUNED SINGLE AND MULTIPLE MASS DAMPER ON TALL STRUCTURES
In this part, tuned multiple mass damper performance is considered on tall structures. At first, mass dampers are selected regarding structure and time history analysis under Northridge, Loma prieta and Tabs earthquakes are done using MAT-LAB simulation software, and performance indi- Tuned multiple mass damper system has 2 concentrated mass dampers which was designed as two states. In the first state, the first mass damper is designed with a mass ratio of 0.03 and 0.02 based on the first mode and the second mass damper is designed with a mass ratio of 0.01 and 0.02 based on the second mode. In the second state, the first and second mass dampers are designed based on first with the mass ratio of 0.03, 0.01 and 0.02, 0.02. 8 out of 12 performance indicators are proposed by Yang which is shown with a J 1 -J 12 sign. Six measuring indices of the first performance of mean square root of responses are out of selected stories of structure and stimulus. 6 next indices are the maximum responses of selected stories of structure and stimulus. Eight indices of J 1 -J 4 and J 7 -J 10 are used out of these 12 indices.
The considered structure is 20 stories, and its structural characteristics, such as the mass of each story is 200·10 3 kg and its stiffness is 600·10 3 kN/m. Damping matrix has been computed using rail equation and for 2% damping ratio. The first natural frequency of the structure is 4.19 radians per second; the second one is 12.56 radians per second, the effective mass of the first mode is 3320·10 3 kg and that of the second one is 366·10 3 kg . Time history analysis is done in MATLAB software under the earthquake whose accelerate grams are shown in Table 14 .
The ratio of tuned single mass damper is considered 0.04 and the parameters of mass damper are shown in Table 15 .Structure and tuned mass damper equations are built in a separate block in MATLAB and damper are placed as a force in a point of structure which should be effective.
J is an Operation index according to Yang suggestions. J 1 to J 6 are the root mean square of Time history analysis of a 20-stories structure is equipped with single and multiple dampers under Northridge earthquake according to figure 10. response at chosen story and J 7 to J 10 are the maximum response of story in the studied structure.
Time history analysis of a 20-stories structure is equipped with single and multiple dampers under Northridge earthquake according to Figure 10 .
As are seen in Figure 10 , tuned single and multiple mass dampers have reduced displacement response, and roof story accelerate of structure effectively, multiple mass damper reduces displacement response more than the single one.
According to Figure 11 , tuned multiple mass dampers which have been designed based on the first mode, have better performance in reducing displacement responses under Northridge earthquake; tuned multiple mass dampers which have been designed based on the first and the second modes, have better performance in reducing acceleration responses; while according to Figures 12 and 13 , tuned single mass dampers have better performance in reducing displacement responses under Loma prieta earthquake and tuned multiple mass dampers which have been designed based on the first and the second modes have better performance in reducing acceleration responses;tuned single mass dampers have better performance in reducing responses under Tabas earthquake ( Figure 14) and tuned multiple mass dampers just have better performance in reducing maximum acceleration response.
In continues, tuned multiple mass dampers are designed based on the first mode, the first damper is placed on the roof and the second one are in 10 and 15 stories. As seen in Figures 15  and 16 , tuned multiple mass dampers performance is reduced by the transition to middle stories. Its reason is story acceleration, proportion with mass dampers; in a 20-storey structure, the roof story has the most acceleration and mass damper shows the best performance in roof.
CONCLUSION
In this research, the dynamic behavior of steel structures was considered by applying tuned mass damper in structures with different height and characteristics. At the first stage, three two-dimensional frames of 3, 9 and 20 stories were studied, in this study, all states are regulated with the first mode frequency, and structure analysis was done by El-Centro time history analysis. The results of displacements response show that these types of dampers have had an optimal performance in improving structure behavior. The maximum value of displacement reduction in the upper story of 3-stories structure is between 3-9%, in 9-stories structure is between 8-21% and in 20-stories structure is between 25-45%. The studies showed that tuned mass damper performance is increased by increasing structure height and increasing the mass of mass damper improves its performance, but increasing damping of related viscous damper does not improve the mass damper performance necessarily.
In the second study, semi-active tuned mass damper was used for reducing the vibrations of 10-stories structure. Studies show that using a tuned mass damper system along with a viscous damper with controlling force cause that the average maximum of roof displacement is reduced 39.9% and the average maximum of roof acceleration is reduced 15%. While using inactive tuned mass system, the average roof displacement is reduced 19.5% and average maximum of roof acceleration is reduced 22.8%. Comparing semi-active tuned mass system to inactive one shows that semi-active one has had more impressive performance in reducing the average displacement of structure stories and the maximum acceleration of 1 st -6 th stories of structure, so inactive tuned mass system have better performance in reducing the average maximum acceleration of 7 th -10 th stories. In the last part of this article, the Seismic performance of single and multiple regulated mass dampers were considered in a 20-stories structure; the obtained results show that displacement and acceleration responses are reduced using tuned single and multiple mass dampers. The structure is studied under different earthquakes, and the tuned multiple mass dampers had the best performance in reducing displacement responses of the structure under Northridge earthquake. Tuned mass dampers which have been designed based on the first and the second modes under Loma prieta earthquake, have better performance in reducing acceleration responses. Tuned single mass damper has better performance under Tabas earthquake, and just tuned multiple mass dampers have shown better performance in reducing maximum acceleration response.
